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PRICES AND DEPRECIATION OF CAST IRON PIPE1 

By Burt B. Hodgman 

The history of the prices of cast iron pipe, showing the changes 
in price during the past fifty years or more, is particularly interesting 
at this time. Some of the data presented are confusing in one re- 
spect, because it is not known whether the prices paid were for pipe 
by the ton of 2240 or 2000 pounds. 

The author has compiled table 1 showing the prices paid for cast 
iron pipe by the city of Boston, Mass., from 1868 to 1917. This is 
based on the cost of 6-inch pipe during that entire period and it is 
interesting to note that the present prices are not as high as the 
maximum prices paid during the period covered. The prices are 
based on the long ton from 1868 to 1896 and on the short ton from 
1896 to 1917 inclusive. In 1868 Boston paid $78 per ton for 6-inch 
pipe. In 1873 they paid $67, while in 1897 it was purchased for 
$16.20 per ton, and this year the price is again up to $45 per ton. 

In 1832, 10-inch pipe was purchased by the City of Richmond, 
Va., from Samuel and Thos. S. Richards of Philadelphia for $1.38 
per foot, the pipe being in 9-foot lengths and A in thickness. This 
amounts to about $54 per ton of 2000 pounds; the price was for pipe 
delivered at Richmond. The prices paid per foot were: 3-inch, 
$0.37; 4-inqh, $0.45; 6-inch, $0.70; 8-inch, $1.25. In 1844, 3-inch 
pipe was bought for $0.30 per foot and in 1854 16- and 8-inch pipe 
was purchased from R. and S. H. Jones at $52.50 per long ton. The 
pipe was cast at Florence, N. J. In 1832, 10-inch valves were pur- 
chased in Richmond at $70, 8-inch valves at $56, 6-inch valves at 
$44.50, 4-inch valves at $30, and 3-inch valves at $28. 

It is the beUef of the author, after considerable experience in ex- 
amining cast iron water mains that have been in service all the way 
up to one hundred years and under almost every condition known in 
the United States, that the leading cause of depreciation is the corro- 
sion, sedimentation or incrustation which occurs on the interior of 
water mains. 

1 Read before the Richmond Convention, May 9, 1917. 
145 
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TABLE 1 

Cost of 6-inch cast iron pipe at Boston, Mass.* 

YEAR PRICE PAID FROM WHOM PURCHASED 

1868 $78.40 R. D. Wood & Company 
1870 52.00 S. Fulton & Company 
1871 57.50 J.W.Starr 
1873 67.20 Gloucester Iron Works 
1874 51.00 R. D. Wood & Company 
1875 42.00 J. W. Starr 
1876 35.00 J. W. Starr 
1877 30.00 J. W. Starr 
1878 26.47 Warren Foundry & Machine Works 
1879 25.20 McNeal Pipe & Foundry Company 
1880 42.00 J. W. Starr 
1881 31.90 McNeal Pipe & Foundry Company 
1882 39.00 Camden Iron Works 
1883 36.80 R. D. Wood & Company 
1884 34.75 Donaldson & Thomas 
1885 29.19 McNeal Pipe & Foundry Company 
1886 29.40 R. D. Wood & Company 
1887 33.09 Gloucester Iron Works 
1888 28.45 McNeal Pipe & Foundry Company 
1889 28.31 Gloucester Iron Works 
1890 30.34 R. D. Wood & Company 
1891 27.95 R. D. Wood & Company 
1892 25.40 Radford Pipe & Iron Co. 
1893 25.94 R. D. Wood & Company 
1894 22.45 McNeal Pipe & Foundry Company 
1895 21.60 R. D. Wood & Company 
1896 20.25 R. D. Wood & Company 
1897 17.17 McNeal Pipe & Foundry Company 
1898 16.75 Warren Foundry & Machine Company 
1899 16.70 Warran Foundry & Machine Company 
1900 26.00 Warren Foundry & Machine Company 
1901 20.40 U. S. Cast Iron Pipe & Foundry Company 
1902 26.45 U. S. Cast Iron Pipe & Foundry Company 
1903 29.70 U. S. Cast Iron Pipe & Foundry Company 
1904 22.30 U. S. Cast Iron Pipe & Foundry Company 
1905 26.20 U. S. Cast Iron Pipe & Foundry Company 
1906 30.70 U. S. Cast Iron Pipe & Foundry Company 
1907 35.00 U. S. Cast Iron Pipe & Foundry Company 
1908 24.50 Warren Foundry & Machine Company 
* The long ton was used until the 1895 contract with the McNeal Pipe A 

Foundry Company, when the short ton came into use. Prices furnished by 
C. J. Carven, Engineer of Water and Sewer Division, Department of Publie 
Works, Boston. 
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TABLE 1- Continued 

YEAR PRICE PAID I FROM WHOM PURCHASED 

1909 23.30 Florence Iron Works 
1910 24.60 Florence Iron Works 
1911 20.70 U. S. Cast Iron Pipe & Foundry Company 
1912 20.95 U. S. Cast Iron Pipe & Foundry Company 
1913 23.60 U. S. Cast Iron Pipe & Foundry Company 
1913 20.85 U. S. Cast Iron Pipe & Foundry Company 
1914 21 . 10 Florence Iron Works 
1915 20.95 Standard Cast Iron Pipe & Foundry Company 
1916 29.24 R. D. Wood & Company 
1917 45.50 R. D. Wood & Company 

About two years ago questions were sent to water works super- 
intendents and engineers all over the United States, asking for their 
experience with various kinds of water mains. Answers were re- 
ceived covering users of more than 15,000 miles of cast iron pipe and 
are summarized in Table 2. These answers came from nearly every 
State in the Union and almost without exception the answers stated 
that the outside surface of the iron was in excellent condition. 
There were some exceptions, but where those exceptions occurred 
there was some special condition covering them. This of course 
does not cover the subject of electrolysis, but that should be consid- 
ered a special condition, the same as the pitting on the outside which 
occurs in cast iron mains laid in peat bogs or in cinders. 

Incrustation or scale results from several different causes. Prob- 
ably the principal is iron corrosion due to soft waters which are 
likely to contain free carbonic acid, crenothrix, or some kindred 
source of trouble, such as manganese, sulphur, organic or mineral 
acids, all of which will greatly accelerate the incrustation of these 
mains. Also it should be noted that greater corrosion takes place 
in pipes which have free iron exposed, as is the case where the line 
is frequently tapped. This may be due to galvanic action. It is, 
nevertheless, a fact that the same water passing through a tar- 
coated line which has not been tapped will affect that pipe less rap- 
idly than where corporation cocks have been placed at frequent 
intervals. 

There are other incrustants, such as pipe, sponge, pipe moss, etc., 
but it is not the author's object to discuss them from a chemist's 
standpoint, as this was very thoroughly covered by N. S. Hill, Jr., 
in a paper read before this Association in 1907. 
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TABLE 2 

Summary of answers to questions on condition of underground water mains 

AGB OF 
PLACE MILES OLDEST CONDITION 

PIPE 

New London, Conn - 70 43 Cast iron; fair; 20 miles wrought iron 
removed because of improper coating 

Steubenville, Ohio  30 70 Tuberculated; good after fifty years; 
small pipes abandoned because of 
corrosion 

Boston, Mass  826 66 Corrosion ' to 1 inch; some abandoned 
on account of salt marsh fill 

Elgin, 111  70 27 Good as when laid 
Champaign,' 111  30 Good. No pitting inside or out 
Philadelphia, Pa  1800 94 Iron corrosion inside; - outside good 
Wai tham, Mass  54 25 Excellent condition; no pitting inside 

or out 
Spokane, Wash  359 30 Steel; thirty years; good. Cast iron, 

good. Wood, 12 years. Cast iron 
and steel about same. Wood bands 
gone, wood rotten 

Rochester, N. Y  420 41 Good 
Las Vegas, N. Y  23 35 Cast iron slightly rusted outside due to 

alkali soil. Steel and wrought iron 
rusted out 

Omaha, Neb  297 35 Electrolysis in 1200 feet; 6 inch 
Peru, Ind  35 41 Excellent inside and outside 
Bangor, Me  55 38 Excellent inside and outside 
Cincinnati, Ohio  714 70 Cast iron incrusted inside; outside fair 
Pawtucket, R. 1  192 38 Replaced with larger size; slightly tu- 

berculated; outside good 
Keene, N. H  47 39 Replaced by larger size. Cast iron 

good. Wrought iron poor, cement 
lined on account of breaks 

Hudson, N. Y  30 42 Some pittings on outside. Wood and 
cement-lined replaced because not 
strong enough 

Kalamazoo, Mich  90 45 Good inside and outside 
Fort Wayne, Ind  140 32 Good inside and outside except pitting 

in cinder fill and some electrolysis 
Memphis, Tenn  265 40 Good 
Buffalo, N. Y  580 65 Good 
New Britain, Conn  90 35 Some pitting in inside smaller mains. 

Outside pitting in cinders. Cement 
lines abandoned 

Meadville, Pa  35 40 Good. Some pitting in cinder fill 
Streator, 111  47 28 Good, Some electrolysis 
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TABLE 2- Continued 

AGE OP 
PLACE MILES OLDEST CONDITION 

PIPE 

years 

Lancaster, Pa  71 79 Good 
Danvers, Mass  60 20 Cement-lined, laid in 1876 given out, 

especially in smaller sizes. Cast iron 
tuberculated inside 

Peekskill, N. Y  40 Good 
Davenport, Iowa  94 41 Good 
Marshalltown, Iowa.. . 40 40 Good 
Hartford, Conn  183 60 Good. Cement-lined failed and re- 

placed with cast iron 
Milwaukee, Wis  517 43 Good as new after forty years 
Detroit, Mich  917 60 Good 
Schenectady, N. Y  113 30 Good 
Marquette, Mich  26 44 Slight incrustation inside, outside clean 

and bright 
Montgomery, Ala  105 35 Good inside and outside 
Fort Wayne, Ind  46 28 Excellent 
Galveston, Texas  73 29 Good 
Washington, D. С  591 57 Inside tuberculated. Outside good, ex- 

cept in ash fill and some of the old 
horizontal-cast pipes replaced. 

Ogdensburg, N. Y  30 25 Some cement-lined pipe forty-six years 
old, still in use. Cast iron good ex- 
cept where laid in peat bogs 

Lafayette, Ind  56 39 Perfectly good inside and out 
St. Louis, Mo  975 50 Some tuberculation inside. Pitting 

outside in some places where there is 
damp yellow clay 

Evansville, Ind  120 42 Tuberculation inside but no pitting in- 
side or outside 

New Orleans, La  570 5 Good 
Stockton, Cal  40 35 Good. Adobe soil affects outside some 
San Jose, Cal  160 47 Inside good, outside some pitted due to 

alkali soil 
Seattle, Wash  584 35 Cast iron good. Kalamein good. Some 

wood and spiral-weld pipe removed 
Madison, Wis  86 30 Good inside and outside, except in 

marshy soil filled with ashes and rub- 
bish; 1000 feet replaced account of 
electrolysis 

Holland, Mich  29 19 Good 
Middletown, Conn  38 32 Inside tuberculated. Outside clean. 

Cement-lined replaced 
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TABLE 2- Concluded 

AGE OF 
PLACE MILES OLDEST CONDITION 

PIPE 

years 

Newburgh, N. Y  48 61 Tuberculated inside, outside good 
Battle Creek, Mich  73 28 Inside good; outside good, except few 

places where laid in swampy clay; 
2000 feet 6 inch wood pipe in use still, 
laid 30 years 

Cumberland, Md  40 30 Inside fair, outside good 
Dubuque, Iowa  57 55 Cast iron, good 
Quincy 111  72 40 Cast iron, good inside and out 
Johnstown, Pa  113 48 Good; some outside pitting due to acid 

soil 
Charleston, S. С  Good 
Bridgeport, Conn  220 35 Tuberculated inside. Outside good. 

Some electrolysis. 
Providence, R. 1  415 45 Some tuberculation. Outside good ex- 

cept in heavy damp soils 
Portland, Ore  , 543 60 Cast iron good. Some pitting in steel 

pipe. Some wrought iron and wood 
abandoned. 

Cambridge, Mass  138 58 Inside tuberculated. Outside good, 
some electrolysis. Cement-lined re- 
moved 

Poughkeepsie, N. Y... . 44 43 Good except where laid in ashes 
Atlanta, Ga  353 38 Inside tuberculated. Good except in 

isolated places 
Council Bluffs, Iowa.. . 60 33 Cast iron incrusted inside, good outside 
Terre Haute, Ind  96 42 Cast iron, good inside and out; 24 feet 

removed, electrolysis 
Lowell, Mass  150 40 Good as new 

Besides the iron corrosion, various deposits are found in mains 
which are due either to sedimentation or the settling of lime in the 
water after treatment for softening or the deposit of limestone, such 
as is found in Salt Lake City, Utah, or the deposit of mud, or the 
deposit of red mud due to the presence of free iron in some waters, 
particularly ground waters. These deposits take place in many 
different forms. The red mud deposits all around the pipe in a 
wavy surface which retards the flow very much. Then there is a 
clay deposit, such as that found from the Big Muddy River in 
southern Illinois, .where the clay mud deposits all around the pipe 
concentrically, in one case to the extent of cutting down an 8-inch pipe 
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to an open area of 5 inches. The surface of this also was wavy, fur- 
ther reducing the carrying capacity of that pipe. Then there are 
the waters which deposit mud in the bottom of the pipe, sometimes 
filling mains to more than one-half their diameter. This form of 
sedimentation is found in almost every part of the United States 
where turbid waters are pumped. 

The results of a number of tests are submitted herewith, Table 3, 
showing the approximate number of years pipes in various localities 
have been down, the kinds of water passing through them and the 
percentage of carrying capacity lost on account of this corrosion. 
These tests, while not numerous enough to form the basis for defi- 
nite conclusions, may perhaps be of use to the superintendent in 
determining what his conditions and his troubles may come from. 
Many tables of the flow of water in cast iron pipes give a coefficient 
to use for pipe a certain number of years old. These coefficients are 
so variable that it seems better to find out what the local conditions 
are for each particular place before deciding what a pipe will carry 
after being a certain number of years in service. Some compara- 
tively hard waters, such as that of the Great Lakes, for instance, may 
flow through cast iron pipe for twenty years without seriously af- 
fecting the carrying capacity, while the waters of the Ohio River 
almost invariably reduce the carrying capacity to a very large ex- 
tent in that length of time. In New England the surface waters in 
general will probably reduce the carrying capacity of small mains 
from 25 to 40 per cent in twenty years. Some of the snow waters 
of the Pacific Coast have reduced the carrying capacity of cast iron 
pipe to the extent of 50 per cent in twenty years. Some of the South- 
ern surface waters which are very soft and in some cases contain 
organic acids have been known to reduce by 75 to 80 per cent the 
carrying capacity of small mains in a period of twenty years. The 
upper Mississippi, which at times runs very high in hardness seems 
to affect pipe but very slightly, except where the water has been 
softened, thereby causing a heavy rough deposit of lime. This is 
more or less true also of the Missouri River or Central Plains waters. 
Then there is the Arkansas River water, which runs very high in salt 
as well as alkalinity, and in the small pipes carrying this water there 
is frequently a reduction of 50 to 60 per cent in the carrying capacity 
in a period of twenty years. 

To give the superintendent an idea of the effect of corrosion on 6- 
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to 12-inch mains, so that he may judge of his local conditions by 
noting the interior of his mains when cuts are made, the following 
estimates are made: 

Tubercules from f to J inch in depth, occurring principally at the 
bottom of the interior surface of the pipe, will cut the carrying capac- 
ity from 15 to 20 per cent. 

Tubercules from f to f inch in depth, covering practically the 
entire inner surface of the pipe, will cut the carrying capacity from 
35 to 40 per cent. 

Tubercules from ' to § inch in depth, covering the entire inner sur- 
face of the pipe, will cut the carrying capacity from 45 to 50 per 
cent. 

Tubercules from § to 1 inch in depth all around the inner surface 
of the pipe will cut the carrying capacity down from 70 to 75 per 
cent. 

To determine the effect of this corrosion on the pipe some 25 
samples altogether have been analyzed to ascertain the exact amount 
of the iron from the pipe which has been destroyed. In the worst 
samples, the rate of destruction is only about 0.1 per cent per year, 
or 10 per cent of the iron in 100 years. In some isolated cases, un- 
derneath these tubercules, there is a slight pitting, but even though 
the pipes are scraped, some scale is left covering this pitting and 
forms more or less of a protective coating to the iron at that point. 
As a very large factor of safety is used in designing cast iron pipe 
this pitting could be many times as bad as it has been in any place 
so far observed without seriously endangering the strength of the 
pipe. Many have seen samples of old Scotch pipe which was cast 
on its side, which had less than ' inch of metal, and this thin metal 
has stood the test of fifty and sixty years service. An example was 
found in Boston where there was only about tV inch of metal, and a 
very light tap with a chisel broke into the pipe. This pipe had been 
in service more than fifty years and there had never been a break in 
the line. Cast iron pipe has been in use in France for nearly two 
hundred and fifty years. Samples of pipe in Philadelphia, in serv- 
ice ninety-eight years, show an excellent condition of the metal, 
even though an analysis indicates the presence in the iron of ele- 
ments and compounds that the present-day foundry would not have 
in a piece of its pipe. 



A. F. Kirstein: The speaker has adopted the plan, when making 
repairs, of backfilling the lower half of the trench with soft mud and 
the upper half with ashes. Has the author any information to show 
whether this will injure the pipe? 

J. N. Chester: In western Pennsylvania there is considerable 
slag and refuse from coal mines in the ground at places. Whether a 
pipe laid as Mr. Kirstein describes will be injured will depend upon 
whether the leaching from the cinders reaches the pipe, or whether 
the cinders themselves will do as much harm as the leaching. If 
acid is formed from the cinders and reaches the pipe, damage is 
bound to be done. 

With regard to the author's statement that tuberculation is 
about the only depreciation that need be counted on in cast-iron 
pipe protected from cinders and electrolysis, tuberculation will vary 
with the kind and quality of water that the pipes carry. Some who 
have used lime and iron as coagulant have found that they depreci- 
ated pipee very rapidly. When hypochlorite is used in water with" 
out filtration its effects will be apparent in the tuberculation of the 
pipe. Acid waters in mining districts act as tuberculators, and 
all know the effect of turbid waters. The use of lime and iron as a 
means of precipitating the turbidity of our western river waters 
without filtration may cause severe tuberculation. With filtration 
there is no harmful effect. 

The speaker's experience is that small pipe tuberculates much 
faster than larger pipe. It was attributed for a while to the velocity, 
but at Little Rock, Ark., where a 4-inch pipe was run around from a 
16-inch pipe and back into it, the 16-inch pipe being a discharge 
main, there was no reason to believe that the same velocity was not 
maintained in each pipe, and yet the 4-inch pipe was almost stopped 
up by tuberculation, and the 16-inch was hardly tuberculated at all. 
Observations subsequent to that time, which was twelve years ago. 
indicate that almost without exception a 4-inch pipe will show far 
greater tuberculation than a 16-inch. Ordinarily large lines are 
through lines, and naturally have higher velocities because they are 
not subject to dead ends; they are carrying water to the smaller 
mains, and velocities are generally higher in the larger than in the 
smaller mains. 
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DISCUSSION 
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George A. Main: The speaker will be interested to know the 
author's estimate of the proportion of the frictional loss due to the 
increased velocity made necessary by the reduced cross-section, and 
the proportion of the frictional loss due to the tuberculation. 

With regard to the greater tuberculation and precipitation in 
small pipes as compared with large pipes, the speaker has found that 
there will be more lime precipitated from the softened water of 
Daytona in a f-inch goose neck than in the f-inch pipe forming 
part of the same service, although both carry the same amount of 
wate . The following explanation of this, and of the greater pre- 
cipitation in small than in large pipes is offered: The eddy currents 
produced near the surface of the small pipes bring practically all 
particles of water into contact with the surface of the pipe. In the 
larger mains, the eddy currents are probably smaller in proportion 
to the diameter of the pipe, and therefore considerable water flowing 
near the axis of the pipe would come in contact with the metal much 
less frequently than in a small pipe. With a given velocity of flow 
there would be much more precipitation where all the water has a 
chance to reach the surface of the pipe. 

Rudolph Hering: The effect of the roughness of the surface of a 
conduit on the flow of water through it was well shown by some of 
the celebrated experiments of Darcy and Bazin. One of their tests 
concerned two lines, each several hundred feet long, with semi-circu- 
lar channels 1 meter in diameter. One was lined with rough rubble 
masonry; the other was lined with cement made perfectly smooth. 
They found that the quantity of water passing through the smooth 
cement-lined channel of the same sectional area and scope was just 
about twice that which went through the channel having the rough 
rubble surface. The 50 per cent loss was due to nothing else but the 
increased roughness. 

Has not the quality of the material more to do with this question 
of tuberculation and roughness than the size of the pipe? The 
speaker recalls some celebrated experiments made years ago in the 
Whortley Iron Works, near Edinburgh, Scotland, by Andrews, who 
found that the quality of the material had a great deal to do with 
the tuberculation, caused by the formation of a battery, as it were, 
by pure iron, uncombined carbon, and the acid character of the 
water. The slightly acidulated water caused the electrical action. 
Those experiments, published in England about thirty years ago, 
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very clearly indicated that the presence of uncombined carbon in 
wrought and cast iron was the chief cause of rust. Therefore, in San 
Francisco, the engineer of the Spring Valley Water Company, Mr. 
Schussler, desiring to use iron pipe at a time when it was very ex- 
pensive to get iron pipe on the Pacific Coast, thought that he might 
use wrought-iron for his pipe; and as he had in mind the experiments 
made at the Whortley Iron Works, his specifications called for iron 
from which the uncombined carbon had been almost entirely re- 
moved by repeated rolling. The speaker saw some of those pipes 
after some years' use, and he was surprised at their condition. There 
was hardly any rust on the surface after many months' exposure to 
air and rain. Therefore he thinks the uncombined carbon that is 
generally found in cast-iron may have a good deal to do with the 
tuberculation of iron pipes. 

Charles F. Barrett: On 1915, an examination of a number of 
water mains in Salt Lake City showed that they were carrying only 
36 to 65 per cent of the quantity of water they should deliver. They 
were then cleaned and the discharge through them tested. These 
tests showed that the average discharging capacity of the cleaned 
mains was about 99 per cent of the theoretical capacity. An analy- 
sis by the state chemist of the scale removed by the cleaning opera- 
tions showed that it was composed of 90 per cent of calcium carbo- 
nate, 5 per cent of silica, 3 per cent of iron and alumina, and 2 per 
cent of magnesia. 

E. E. Davis: The speaker has taken up a great deal of pipe laid 
in the forties, and found it the worst pipe he ever had experience 
with. He has taken up 4-inch pipe that showed what were then 
called "rust bubbles" but are now called "tubercles." An old water- 
works man told the speaker that this badly tuberculated pipe laid 
in the forties was made at blast furnaces and not in foundries; in 
other words, they did not run the iron into pigs but. the pipes were 
cast at the furnace. In those days the makers did not have to 
conform to any specification as to quality. There was some old 
pipe in which it was impossible to cut a hole with a diamond, yet it 
became tuberculated. 

In Richmond not much trouble is experienced with anything ex- 
cept James River mud. Since sulphate of alumina has been used as 
a coagulant, instead of the mud insi/de the pipes becoming very hard 
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it has a consistency like that of vaseline. Formerly when there was 
a fire it was difficult to obtain a good stream out of a pipe because of 
that mud, until the hydrant was allowed to flow for a while and the 
mud was flushed out. 

Leonard Metcalf: The discussion might be directed to one or two 
points of importance in their bearing upon valuation of water works. 

First, you are urged to do everything that you can to keep your 
records clear and to keep good records of the actual cost of your 
work as you go along. That is coming to be a matter of greater 
importance in valuation and rating problems as time goes on. As an 
example of the effect of information of that sort, there may be cited 
the recent valuation of the Indianapolis Water Company, the rates 
of which were under question. The cast-iron pipe records were in 
very fair shape from the earliest days of the company down to date. 
The greater part of the purchases had been made in the last twenty 
years, so that they had a far greater influence on total cost of pipe 
than the earlier purchases, though the earlier purchases had been 
at much higher rates; but after a study of the cost of the pipe and 
actual purchases by that company, and by other companies in that 
vicinity, it was concluded that the ten-year average was approxi- 
mately $24 per ton of 2000 pounds; that the five-year average was 
approximately $1.50 per ton less than that amount; but that the 
actual cost of all the pipe purchased in the life history of the plant 
was approximately $25.90 per ton. Therefore, it was suggested to 
the Commission that in all fairness to the company and justice to 
the community, the five-year average which had sometimes been used 
in such cases was not a fair one to use, nor did the ten-year average 
in this case do full justice to the facts, particularly as an era or a period 
of high prices is here. Inasmuch as there could be no doubt that the 
average price for the succeeding or coming ten years will doubtless 
be higher than for the past ten years, it would certainly be fairer to 
use a figure more nearly approaching, if it did not equal, the actual 
cost of the pipe to the company. Therefore, in this case the 
importance of the record to the company is clear. 

It is also of importance to know the exact source of data. It has 
been very common to use quotations from trade journals; if no bet- 
ter information is available, these may be of value, but if the records 
of actual prices paid within the decades covered by the records are 
compared with these quotations, considerable divergencies will ap- 
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pear even though a comparison of the prices paid by neighboring 
cities for the pipe show fairly consistent and similar results. The 
statement which one sometimes hears, that pipe is not bought in 
the years of high prices and that therefore less weight should attach 
to the years of high prices than to the years of low prices, is not 
borne out by the history of existing plants generally. A study of 
such records shows cases of which that can be said, and many cases 
of which it cannot be said. The speaker does not feel that the data 
which he has, though they cover the experience о a number of 
works, are broad enough to determine the average condition. In 
comparing the prices of pipes bought by seven or eight cities, as 
many cities were» found to have bought pipe at the higher prices as 
had bought it at the generally lower prices, which simply illustrates 
what all know, that when the need is urgent mains must be laid 
regardless of the price of pipe. 

With regard to the carrying capacity of mains, it is frequently 
found, particularly with waters carrying more, rather than less, or- 
ganic matter, that a pipe line in proximity to reservoirs will show 
greater frictional loss or resistance, particularly when the source of 
supply is from a river or lake, than elsewhere in the pipe system, owing 
to incrusting organic material and slime or sponge. The speaker 
has seen sponges one-half of a square foot in area and 2 or 3 inches 
in length in some penstocks and pipe lines and living aquaria inside 
of these pipe lines in proximity to the reservoirs or sources of supply. 

The progressive deterioration in any good pipe line is difficult to 
determine from inspection or measurement. The most accurate and 
helpful way to determine it is to make experiments and keep records 
of the increasing frictional resistance to flow in the pipe line from 
year to year. The speaker had a very interesting experience a few 
years ago in going through a number of wrought-iron and steel pipe 
lines. Among them was a pipe of the New Bedford Water Works, 
inspected with Thaddeus Merriman, of the New York board of 
water supply, who had been through this same pipe and taken mi- 
crometer measurements of the pitting about five years before. It 
was hoped to obtain suggestive ideas from that comparative experi- 
ence; and quite a large number of measurements of the length of the 
tubercles and blisters and pitting were made. This pipe line was of 
steel and not of cast-iron; but the same thing might be said of a 
cast-iron pipe line. The pipe line was entered at a number of points 
and traversed through several hundred feet, in the aggregate, of its 
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length. Mr. Merriman stated that he could not see that a compari- 
son of his earlier and later records showed any substantial differ- 
ence; whereas the pumping station records did show some difference. 

The Pitometer Company has, in the course of its experience, 
made some exceedingly interesting studies of pipe lines in this coun- 
try. The speaker remembers one such, reported at Denver, where 
the plant was being valued. Some approximate experiments had 
been made with more or less crude apparatus to determine the fric- 
tion loss of the lines. The results were higher than expected, and it 
seemed wise to have more precise measurements made. The Pito- 
meter Company was called upon to assist; and in order to get as use- 
ful information as possible, pipe lines of varying ages, varying from a 
decade or more, were selected and gagings were made in the hope of 
being able to determine the progressive deterioration in carrying 
capacity. The data are quite interesting, and will be valuable when 
placed side by side with other similar records. Of course they can- 
not be directly applied to any other condition, particularly as it was 
clear that the waters of that region, perhaps due to their magnesia 
content, had resulted in a greater roughening of the surface, or suf- 
ficient roughening of the surface, to account for the difference in 
carrying capacity, although this was not always apparent to the eye. 
Dr. Hering has already called attention to the fact that a very 
slight apparent difference in the character of the surface may bring 
about a very marked difference in carrying capacity. 

The speaker's experience has been the same as Mr. Chester's, 
that with pipe of like ages it is found that when the coefficient for 
the Hazen- Williams formula for a certain age is, let us say, 80 for 
small pipe, for a large pipe of like age the coefficient will be 90 or 
100, or more; in other words, that the same reduction in carrying 
capacity does not result in the larger pipe, although the apparent 
interior condition of the pipe does not differ so markedly that the 
difference can be distinguished by eye. 

The speaker has been through hundreds of feet of the Spring Val- 
ley Water Company's pipe, in and near San Francisco which was 
referred to by Dr. Hering, which has made a most remarkable record 
for itself. The record was due partly to the excellent surface coat- 
ing developed by Mr. Schussler which has shown remarkable prop- 
erties after forty-seven years' use. Pipes were traversed that had 
been down twenty-five or thirty years and the coating was found 
almost perfect. While it appeared fairly hard it could be dented 
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with the thumb-nail. Placing the thumb on it and working it 
gradually from side to side softened the coating enough to flow; yet 
it has been hard enough to keep its shape. Allen Hazen and the 
speaker went through 700 feet of another pipe line 44 inches in di- 
ameter, and there were only one or two blisters in each length of 3 
feet or so, which shows in what a remarkable state of preservation 
that pipe line is. 

With regard to Mr. Davis's statements about the tuberculation of 
old cast-iron pipe, it is probable that while some part of the improved 
carrying capacity of recent pipe may be due to better metal and 
better foundry practice, most of it is to be attributed to the pipe 
coating. A large part of the old cast-iron pipe was uncoated, and 
its quality varied greatly. 

F. N. Connet: Tuberculation seems to be quite distinct from in- 
crustation and is more apt to occur with soft than with hard waters. 
In cross-section a true tubercle is built up of a series of thin layers 
like an onion and the speaker believes that two layers per year are 
usually deposited. Since the growth of crenothrix also occurs twice 
a year, the question arises whether the tubercle may not be the re- 
mains of successive growths of this organism. The metallic iron 
underneath the tubercle is usually dissolved out in the shape of an in- 
verted cone leaving the uncombined carbon unaltered and intact, but 
this latter can be easily cut out with a pen knife. 

The speaker has observed the tendency of tubercles to collect 
near brass fittings, which suggests electrolytic action also. May not 
the crenothrix, because of its iron content, be deposited electro- 
lytically upon the tubercle, thus causing it to grow indefinitely? In 
other words, may not a tubercle be in reality a graveyard of many 
generations of crenothrix? 

B. B. Hodgman: In discussing old records of prices of pipe it is 
important to keep in mind the ton used in each case as the unit of 
quantity. At Providence, R. L, for instance, pipe was bought by 
the long ton down to 1905. In comparing prices over a long range 
of years, the selling price may be found to have been affected at 
times, in a measure, by the currency conditions, which some persons 
consider were influential in fixing prices from 1868 to 1873. 

Where pipe lines are covered by a foot or more of earth which is 
covered in turn by cinders, the author has never discovered that 
water percolating down through such backfilling injured the pipe. 
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The tuberculation of pipes as actually found during testing and 
cleaning operations presents many interesting features. For in- 
stance, in recent tests of a 24-inch main and a 10-inch main laid at 
about the same date, the larger pipe was found to be carrying con- 
siderably over 50 per cent of its rated capacity when new and the 
smaller pipe about 40 per cent. In Lockport, N. Y., it was found 
that the carrying capacity in a 6-inch main in a busy part of the 
city was only 40 per cent of that of new pipe, but farther along, 
where there was a much lower velocity through the main, the capaci- 
ty was 90 per cent of that of new pipe. It has been observed that 
the number of taps in a main has a decided influence on the deteri- 
oration in its carrying capacity. For instance, 2000 feet öf 8-inch 
pipe without taps, tested in New Haven, Conn., showed a much 
smaller loss of capacity than was found in the next 2000 feet, where 
there were taps for a house on each side of the street every 50 feet 
or so. As a rule, it is found that there is more tuberculation in a 
line with taps than in one without them. The reduction in area by 
tuberculation is, of course, proportionally greater with small than 
large pipes. Half an inch of incrustation on the inside of a 4-inch 
main reduces its area about 45 per cent, whereas half an inch of 
incrustation on a 16-inch main reduces its area only 7 per cent. 
It is this decrease in effective area of a pipe which is responsible for 
a considerable part of the difference in its carrying capacity; the 
decrease should not be attributed exclusively to increased frictional 
resistance due to tuberculation. 
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